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1. Preliminary results from recent ERT soundings at Gruben rock glacier and in the former contact zone with the LIA Gruben glacier
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Figure Sup.-1.: Variable resistivity values in the high KWm range indicate ice-rich but heterogenous frozen talus/debris down to depths of decameters, exceeding the penetration depth of the soundings. Values in the low MWm range point to isolated remains of buried surface ice embedded on top of deep-reaching permafrost. The exact origin of this buried ice is not known; possibilities include dead ice from the orographic right part of the formerly composite LIA glacier or buried avalanche cones from the talus where the flowlines have their starting point. Resistivities in the low KWm range represent non-frozen conditions in the inner forefield of the composite polythermal LIA glacier.
  

2.  Kinematics Yerba Loca
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Figure Sup.-2.: Orthoimage of the upper Yerba Loca Valley, Andes of Chile, showing multiple creep phenomena in permafrost with in places remains of buried ice on the west facing slopes. The rock glacier shown in the animated supplement Figure Sub.-3. is in the lower section of the image and the complex contact zone with remains of buried surface ice, thermokarst and somewhat diffuse creep phenomena of frozen materials shown with Figure Sub.-4. in the upper section, respectively. Image based on aerial lidar, provided by AAS, 2022.

[image: ]Figure Sup.-3.: Comparison of 2012 and 2022 aerial lidar showing the uniform/coherent creep dynamics of a rock glacier located in the upper Yerba Loca Valley. Images provided by Anglo American Sur.
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Figure Sup.-4.: Comparison of 2012 and 2022 aerial lidar showing the complex dynamics of permafrost creep with remains of buried ice located in the upper Yerba Loca Valley. The formation of thermokarst can be noted at multiple locations. Images provided by Anglo American Sur.
3.  Geophysical characteristics of rock glacier permafrost and of debris covered surface ice 

Geophysical characteristics of perennially frozen subsurface materials and of massive (debris-covered) surface ice show marked differences wich can be summarized as follows:

Thermal conditions of rock-glacier permafrost are measured in boreholes (Noetzli et al., 2021) and/or by using miniature data loggers at shallow depth (PERMOS, 2023). Results from extended time series document ongoing subsurface warming trends (Etzelmüller et al., 2020). Frozen conditions mostly reach down to depths of tens of meters to more than 100 meters. Vertical temperature gradients and heat flow values at depth are strongly reduced due to historical surface warming. Debris-covered surface ice can be temperate, polythermal or cold. Perennial ice patches from avalanche cones are most common in connection with rock glacier permafrost. Such small/thin surface ice bodies can be assumed to predominantly be cold, because their ice cannot warm up above 0°C during the warm season but cool down far below 0°C during the cold part of the year.

In view of geophysical soundings (cf. Haeberli and Vonder Mühll, 1996; Halla et al., 2021; Hauck and Kneisel, 2008), ice-rock mixtures in rock-glacier permafrost tend to produce

· strong scatter causing reduced transparency for electromagnetic waves, while homogenous/massive surface ice – especially if cold – is highly transparent for radio-echo soundings;

· heterogenous patterns of seismic P-wave velocities with characteristic values varying mostly between about 2,500 and 4,500 m/s, while homogenous/massive surface ice exhibits uniform values close to 3600 m/s:

· heterogenous patterns of electrical D.C. resistivities with characteristic values ranging from about 10 kWm to near 1 MWm, in contrast to massive surface ice with characteristic values of 1 to 10 MWm for small ice patches and glacierets primarily consisting of superimposed ice, and of > 100 MWm for glacier ice from warm/wet firn metamorphosis with efficient ion evacuation by percolating meltwater. 


4.  Surface and subsurface ice 

The term "glacier" is explicitly defined as “on the land surface” (Cogley et al., 2011), i.e. as surface ice. Debris-covered glaciers as contained in glacier inventories are, therefore, by definition surface ice.
The definition of the term "permafrost" explicitly relates to thermal conditions of “ground (soil or rock and included ice or organic material)» (International Permafrost Association, https://www.permafrost.org/what-is-permafrost/), i.e. of subsurface materials. Ice contained in permafrost is, therefore, by definition subsurface ice.
Confusion sometimes arises from the use of the term “glacier” in the somewhat misleading but historically established and today generally accepted term "rock glacier" as applied to a landform created by subsurface ice under thermal conditions of permafrost. Such confusion can be avoided by accompanying the term “rock glacier” with process-related expressions like “viscous creep features in mountain permafrost”, as done in the title of the present contribution.  
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